Flooding is a major problem facing Southern African region. The region has been experiencing flood for the past two decades. This flood event has been exacerbated in recent years by global weather pattern known as La Niña which cools ocean waters in the equatorial Pacific and changes rainfall patterns across the world. This change in weather pattern has resulted in increased rainfall over Southern Africa causing flash floods resulting in extensive socioeconomic loses, casualties and environmental damage. This study employs remote sensing and geographical information systems (GIS) data to visualize the impact of climate change caused by flooding in the Southern African region in order to assist decision makers' plans for future occurrences. To achieve these objectives, the study used Digital Elevation Model (DEM), temporal Landsat Enhanced Thematic Mapper Plus (ETM+) and Moderate Resolution Imaging Spectroradiometer (MODIS) satellites data obtained from the United States Geological Survey (USGS) and NASA's Earth Observatory websites in order to show the spatial dimensions of the damage and the flooded area. Results of the study revealed notable damages to social and natural environments as well as flood risk zones and watercourses in the study area. The paper concludes by outlining policy recommendations in the form of the need for building drainage ditches on the flat plains identified in this study to accommodate flood flows, the design of a comprehensive Regional Emergency Information System (REIS) with support from the governments in the study area and the neighboring countries. Building such system, the paper con- 
Introduction
Floods caused by man-made and natural disasters are major environmental problems facing the world. In recent years, flooding associated with rainstorms has been largely attributed to climate change [1] [2] [3] [4] . In particular, areas adjacent to the coastal areas and inlands, close to watercourses, have seen a rise in flooding activities. The rate of occurrences of these flood events has increased globally over the last two decades with disastrous effects [5] . According to a chronology of flood events reported in NASA's Earth Observatory (EO) and Natural Hazards Magazine by Herring [6] , floods are prevalent across the globe with intensity occurring in both Northern and Southern Hemispheres. For example, Herring [6] reported that heavy rainfall in Brazil, Bolivia, and Peru between December 2006 and January 2007 caused heavy floods and landslides.
In the United States of America, Herring also reported that a strong winter storm in late January 2007 produced heavy rainfall across the southern and midwestern United States from Texas to Indiana, causing rivers across the region to burst their banks. In southeastern of India, coastal areas were submerged as a result of floods on November 5, 2006 , which swept across Southern India [6] . Elsewhere, in Indonesia, several recent reports by Reliefweb, an information portal of the United Nations Office for the Coordination of Humanitarian Affairs (OCHA), indicated that the flooding in early June 2016 was caused by high tides and heavy rainfall resulting in widespread damages. The ensuing havoc not only triggered the destruction of more than 5900 temporary stalls, but close to 30,000 houses were flooded across 12 provinces in Sumatra, Java, Bali and Nusa Tenggara during the same period [7] . A report in Myanmar on June 9, 2016 also showed heavy rainfall caused by flash floods in some of the regions and townships causing demolished bridges and farmlands with more than 25,000 people displaced [7] . In Philippines, rain brought by the winds from southwestern Monsoon in early August 2016 precipitated floods in several areas, including Manila, with at least 5 fatalities and over 50,000 rendered homeless [8] .
In West Africa, more than 200 people were killed and over 50,000 subjected to homelessness as a result of torrential rainfall, which swept through the region from August 4 to 10, 2016, causing Niger and Senegal Rivers to swell up its banks, and with Nigeria, Senegal, Mali, Niger, Burkina Faso receiving the most casualties [9] . According to OCHA, each year, billions of dollars are spent to rebuild flood-related damages in the El Niño affected regions. From 2015 to 2016, for example, projected humanitarian needs and the response for millions of people were displaced by El Niño-related floods in 19 countries covering Central America, East Africa (particularly Ethiopia), the Pacific and Southern Africa, costing $3.9 billion [10] .
Visualization of Flood Using Geospatial Technologies
Several studies have used geospatial technologies to support flood-mitigation related decision-making and management [11] [12] [13] [14] [15] . Early work of Twumasi and Asomani-Boateng [16] used GIS and other technologies for mapping urban flood zones in Accra, Ghana. Results of the study revealed notable flood risk zones and watercourses. Cox and James [17] used ArcGIS 3D Analyst extension's ArcScene application software to create a 3D visualization model that showed parts of Davenport, Iowa that would be submerged at different flood stages. The enquiry helped the city's staff and council to visualize data on how floodwater could affect specific areas of the city at any flood stage. In another study, Rasid and Pramanik [18] used the visual interpretation of National Oceanic and Atmospheric Administration (NOAA's) Advanced Very High Resolution Radiometer (AVHRR) satellite data channels 1 and 2 for August 18, 1987 and September 24 1988 to delineate flood areas in Bangladesh. Results showed overestimated flood areas by 5% to 10% using visual interpretation compared to digitally analyzed data. Other studies have also demonstrated the efficacy of using spatial technologies in delineating flood extent in different areas [19] - [24] .
Remote sensing and GIS have found widespread applications in the analysis of visualized impacts of damages caused by floods to both cultural and natural features. In Pakistan, for example, Haq et al. [25] successfully integrated GIS with NASA's Moderate Resolution Imaging Spectro-radiometer (MODIS) onboard Aqua and Terra 2011 images to assess the damages caused by flash flooding in the province of Sindh. In Muscat, Oman, Azaz [26] acquired two temporal IKONOS satellite images on June 5, 2007, which included one image before Cyclone Gonu and one after to assess the damage caused by associated flooding and damages.
With issues identified herein, this paper analyzes how climate change induced flooding impacts the South African region using GIS and remote sensing tools. Emphasis is on the issues, impacts, trends, and factors responsible for the problems. In terms of the objectives, the primary aim of this study is to use remote sensing and GIS data to visualize the impact of climate change hazards caused by floods in Southern Africa. The secondary objective is to design a model to assist decision makers, while the third objective is to develop a framework to track the factors and plan for the mitigation of future occurrences.
Methodology

Study Area
Southern Africa occupies the southernmost parts of the continent of Africa. It is one of the most economic and geo-political sub-groupings of Africa. Southern Africa encompasses 10 countries. These include Angola, Botswana, Lesotho, Malawi, Mozambique, Namibia, South Africa, Swaziland, Zambia, and Zimbabwe. For the purpose of this paper, the region of interest comprises the countries of Zimbabwe, Malawi, and Mozambique (Figure 1 ). To aid our discussions, some references will be made to the entire region in order to help us understand the impact and influence of natural and cultural features in relation to climate change.
Southern Africa, as in most regions in the world affected by flood and change in global weather patterns, has been experiencing flood for more than two decades [2] . These floods have been exacerbated in recent years by a change in the global weather pattern which cools ocean waters in the equatorial Pacific and changes rainfall patterns across the world known as La Niña [27] [28] [29] . In Majority of the study area lies in the equatorial climate region. Hence, it experiences substantial precipitation ranging between 60 and 180 mm per year [37] . 
Data Acquisition
To visualize the impact of climate change caused by floods in the study area sets 
Visual Image Comparison Technique
In this study, we performed band combinations to help us distinguish and interpret environmental features on the ground (i.e. urban areas, vegetation, flooded areas/water bodies) for visualization purpose. Visual image comparison technique was also used in carrying out the investigation. Before proceeding to the analysis, it is important to explain concepts associated with the visual image comparison technique. This is one of the image interpretation techniques used in remote sensing to identify differences in a pair of images acquired over the same area through visual means. Both thematic and metric information can be extracted from remote sensing data through either visual image interpretation or digital image analysis techniques [38] . This method has been widely used by researchers studying land cover change detection or multi-temporal change analysis studies in a variety of geographical environments [39] 
Elevation Data
The elevation data was imported into the Global Mapper evaluation software to create the Digital Elevation Model (DEM) surface of the entire study area. The idea was to be able to determine the entire elevation of the study area to identify areas prone to flooding. Figure 6 shows the elevation map of the study area and the neighboring countries. River. In Chokwe, many cultural features such as roads and railroads were inundated and destroyed, including highway 208 which runs along the east bank of the Limpopo River with more than 80,000 people rendered homeless [46] [47]. As captured by the Landsat ETM+ satellite image in Figure 10 , agricultural farmlands, bridges and homes were all inundated.
Results and Discussion
From the drainage map in Figure 4 , the study area is home to many watersheds. These watercourses rise quickly and exhibit a large increase in stream flow when a major rainstorm hits the watershed causing lots of damages to homes, infrastructure and agricultural land.
Factors Fuelling Recurrent Exposure to Flooding
In terms of factors responsible for the repeated exposure to climate change induced flooding in the Southern African region it is evident that they do not operate in a vacuum. They are linked to socio-economic elements of poor planning and land use, the sparse use of advanced early warning systems and physical and natural elements and demographic changes. Detailed analysis of these elements is presented in the following paragraphs.
Poor Planning and Land Use
Part of the mantra of planning is ensuring the quality of life and the environ- 
The Sparse Use of Advanced Early Warning Systems
Judging from the category 9.0 tsunami earth quake disasters in 2004 and the 2011 affecting the nations by the Indian Ocean and a mega-magnitude 9 earth quake that jolted the Tohoku region of north western Japan [48] , it is clear that having a head start of impending disasters through early warning system capabilities remains effective and essential in minimizing damages and fatalities in communities at risk. In an era in which all nooks and corners of the globe are 
Physical and Natural Factors: The Growing Incidence of El Nino
Just as in the other areas of the globe, the Southern African region is characte- 
Demography
In both developed and developing nations, coastal areas contain the most rapidly growing towns and cities. As a result, pressures due to increased population in some of the coastal zones of the Southern African region continue to fuel unprecedented shoreline development, putting populations, tourists and properties at increased danger of massive storm surges and flooding. This is evident with the pace at which the overall population figures of the region went from over 63 million inhabitants in 2017 at an average growth rate of 2.93% between 2011 through 2017 (Table 1) . Being one of the largest growth rates in the world during these periods, each country (Malawi, Mozambique and Zimbabwe) posted an average of single digit population growth rates in the order of 3.09% -2.83% and 2.87% that exceeded the levels of others in the globe (Table 2) . At the same time, the coastal regions of the study area are some of the most exotic and eye-catching places to visit and live in resulting in millions of visitors who visit these coastlines each year in the summer. In the process, coastal residency tends to grow.
The fact that many find the weather in such place stay appealing does their increases the attractiveness and liability of coastal areas of the southern African region as epicenters of flooding. Overall, coastlines like the ones in the study area are a preferred destination for human settlements. They provide outdoor and ecotourism opportunities that often require new development in the form of new hotels, roads, etc. Due to the appealing nature of coastal settlements in the face of inclement events, coastal communities have grown to high heights as shown with novel resorts and seaside facilities at unprecedented levels. In the process, many individuals and infrastructure facilities are not only threatened by damaging force of floods, but they remain now in harm's more than ever. This applies tremendous pressure on the carrying capacity of the ecosystem which in turn increases the vulnerability of population centers to any potential inclement weather event in an unstable environment [49] .
The Small Area (City) Analysis
At the city level a total of 7,951,179 inhabitants in selected coastal and inland cities of the study area could be at risk in the three countries based on current projections (Table 3) . Amongst the three nations in the region, Mozambique has 3,101,816 million people along its coasts and there are about 3,214,409 to 1,634,954 million people in some of the largest cities in Zimbabwe and Malawi under the direct exposure of inclement weather hazards that should be taken quite seriously. Mozambique's coastal cities, which are the residence to 60 percent of the nation's inhabi- tants, are largely the economic engines driving the country's market activities. Nonetheless, given their settings, they are among the most susceptible towns in Africa unprotected from sea level rises, natural calamities and the impacts of climate change ( Figure 6 ). Such cyclical events like cyclones and tropical storms can extremely affect city environments, biodiversity, and the wellbeing of local areas [53] [54]. Furthermore, Mozambique being one of the most at risk coastal zones in Africa continues be at the epicenter of climate change induced natural disasters. In fact, 15 of the 56 tropical cyclones and tropical storms that landed into the Mozambique waterway between 1980-2007 inflicted a direct hit on the coasts. With that, coastal inundation not only remained a major concern for citizens for nearly two decades, but in the absence of mitigation measures in the next five decades many coastal cities like Nacala, Beira and Quelimane will eventually varnish. Any situation like that will not only dislocate the populace, but the nation's economic structure could be destroyed. In the coastal region close to 2.5 million inhabitants thrive on irrigated agriculture and fishing. But then again, the influx of people into to coastal cities stretched beyond limits puts additional individuals, physical infrastructure and facilities in danger. In the nation's capital city of Maputo, the port, railway network and oil facilities, located on a river mouth, are also vulnerable to flooding. It has also been shown that Mozambique could experience about 50% loss of its coastal gross domestic product (GDP) under current conditions [55] . Considering the local climatic variations in Zimbabwe and Malawi, the major southern and Zambezi valley cities for Zimbabwe will experience severe heat and aridity coupled with torrential rains in the eastern highlands of the country. Similar climatic variability also holds for Malawi where the cities of Lilongwe, Blantyre, Zomba, Muzuzu, Karonga, Kasungu and others are all vulnerable to climate change due to heavy flooding during the rainy season given vicinity to Lake Malawi, the Zambezi River and a handful of other river tributaries and lakes.
Conclusions
This study has shown that GIS and remote sensing data could play an important There is also the need to design and build a comprehensive Regional Emergency Information System (REIS) with support from the governments in the study area and the neighboring countries. REIS would require integrating GIS and remote sensing data, climate data, national and local-level weather forecast, and hydrological data including information on the river flow into one system.
Digital devices should have the capability to track and characterize the scale or level of impending disasters under various categories as done in the United
States in advance or before they make landing. It must be synchronized with local comprehensive plans in built environments and coastal communities along the shorelines to keep those areas continually livable year after year.
This system should also involve locals at all levels ranging from the community/local and regional/national level. Locals should be trained on how to handle this system in an emergency situation. Due to cultural and linguistic differences in the study area and the neighboring countries, brochures and information related to the emergency system should be translated into the local dialects for better understanding of the system by locals and the community. Information related to the system and flood-related emergencies should also be broadcasted in the local and national media outlets: radio, television and newspapers in the local languages. Developing such a system will go a long way to offer decision makers access to the appropriate spatial-temporal data for monitoring emergencies related to seasonal floods in the region.
